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Description

This invention relates to a navigation apparatus for guiding a driver to his destination by selecting a course
leading to an input destination place while calculating the present position at every intersection on the way to
the destination.

Navigation apparatus are known as an apparatus used to guide a driver who is a stranger in a certain region
to his destination in this region by selecting a suitable course leading thereto. Apparatus of this kind are now
developed eagerly.

In a conventional navigation apparatus, a course along which a driver will be led to his destination is set
on the basis of a starting point and a destination point input before the driver starts traveling. The driver nav-
igates along the course thereby set. There are various methods for designating the course during navigation,
such as one in which the course is displayed on a CRT screen while being superposed on a map displayed
on the same screen, one in which numerals or a graph indicating distance to an intersection at which the driver
should turn the vehicle and pictures showing features of the intersection are displayed as information on this
intersection, and one in which a voice output is utilized as auxiliary means.

Conventional navigation apparatus, however, are designed to set a course from a starting point to a des-
tination point and guide the driver along the course thereby set. If the driver fails to keep the vehicle on the
desired course by making an error in identifying an intersection, he cannot continue traveling in accordance
with the guidance provided by the navigation apparatus unless he returns the vehicle to the course previously
set or sets a new course by inputting the present position as a starting point. In this event, itis very troublesome
for the driver to return to the course previously set or to set the present position as a starting point to determine
a new course. That is, needless to say, the driver is unfamiliar with road circumstances of the particular region
in which he is lost and, for this reason, he needs guidance. In this case it is difficult for him even to know where
his present position is although he knows the starting and destination points.

Whether or not the vehicle has passed over the desired intersection by traveling along the guidance course
is determined under the condition that the distance through which the vehicle has traveled and the turning of
the vehicle to the left or right are detected by a distance sensor and steering sensor. In practice, there is a
problem of accumulation of errors in the detection which may cause errors in the driver’s decision. That is, since
the distance through which the vehicle has travelled and turning to the left and right are detected on the basis
of the setting of a course from the starting point to the destination point, distance errors are accumulated to
an extent such that they cannot be corrected.

There is also known, see DE-A-36 08 658 a navigation apparatus having a present vehicle position locating
system, which comprises storage means for storing road system data including information about coordinates
of intersections and roads between said intersections, means for detecting travel distance, means for detecting
vehicle orientation, output means for outputting guidance information to a driver of said vehicle, navigation
means including turning point detection means for detecting turning of a vehicle at an intersection and present
position detecting means for determining a present position of a vehicle based upon said detected turning point
and detected travel distance, and means for providing guidance information to said output means depending
upon the determined present position.

In such known apparatus the route to be travelled is input as a predetermined series of guidance, or turning
points, and the apparatus is adapted to coordinate the detected turning points of the vehicle with corresponding
guidance points, in order to update the present position of the vehicle and thus avoid accumulated distance
errors.

Such an arrangement includes means enabling the navigation apparatus to recognise the arrival of the
vehicle at, for example, a particular intersection and to confirm the correct course of the vehicle by relating a
change in orientation of the vehicle to the predetermined guidance route at the intersection. However, since
the apparatus is adapted to provide guidance over a predetermined route that is selected in advance of the
guidance operation, the navigation apparatus cannot provide help to a driver who may become lost by making
a wrong turning at an intersection and leaving the guidance route. It is only possible for the driver to be pre-
sented with an error message showing that he is off course.

It is accordingly an object of the present invention to provide a navigation apparatus that is able to provide
guidance to a given destination, even if the driver may become diverted from a preferred original course, so
that the vehicle becomes located upon a road that was not included in the original course.

In accordance with the present invention this object is achieved by the features of Claim 1.

Further preferred features and advantages of the invention will become apparent from the subordinate
claims and from the following description.

The invention is illustrated by way of example in the accompanying drawings in which:

Fig. 1 is a diagram of the construction of a navigation apparatus with a present position calculating system
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which represents a first embodiment of the present invention;

Fig. 2 is a flow diagram of the processing operations the navigation apparatus with with the present pos-

ition. calculating system shown in Fig. 1;

Figs. 3 are diagrams of examples of data structures of data on a road system and intersections, data on

roads and series of nodes;

Fig. 4 is a diagram of of an example of a menu display for inputting the destination point;

Figs. 5 are diagrams of an example of course search output;

Fig. 6 is a diagram of an example of guidance output;

Figs. 7 are a diagram and a flow chart of a processing routine for present point inputting;

Fig. 8 is a flow chart of a processing routine for present position tracking;

Fig. 9 is a flow chart of a processing routine for initial position setting;

Fig. 10 is a flow chart of a processing routine for sensor detection;

Figs. 11 are a flow chart and a diagram of a processing routine for remaining distance calculation;

Fig. 12 is a diagram of calculation of the orientation and the locus of a vehicle;

Fig. 13 is a flow chart of a processing routine for turning point detection;

Fig. 14 is a flow chart of a processing routine for road selection;

Fig. 15 is a flow chart of a processing routine for distance error correction;

Figs. 16 are diagrams of a method of distance error processing;

Fig. 17 is a flow chart of a processing routine for turning position calculation;

Figs. 18 are diagrams of a processing information relating to road selection;

Fig. 19 is a flow chart of a processing routine for calculation of the vehicle turning angle;

Fig. 20 is a flow chart of a processing routine for reading roads leading out of an intersection;

Fig. 21 is a flow chart of a processing routine for calculation of connecting road bending angle;

Fig. 22 is a diagram of a method of obtaining the connecting road bending angle;

Fig. 23 is a flow chart of a processing routine for present position tacking in a navigation apparatus with

a present position calculating system which represents a second embodiment of the present invention;

Figs. 24 are diagrams of turning point detection;

Figs. 25 are diagrams of processing relating to the comparison between the intersection entering orienta-

tion and the bending angle;

Fig. 26 is a flow chart of a processing routine corresponding to the processing of Fig. 25;

Fig. 27 is a flow chart of a processing routine for reading roads leading into an intersection;

Figs. 28 are diagrams of present position correction;

Fig. 29 is a flow chart of a processing routine corresponding to the processing of Fig. 28;

Fig 30 is a diagram of an example of a modification of the present invention;

Fig. 31 is a diagram of an example of a course set by course searching;

Fig. 32 is a flow chart of a schematic procedure of navigation processing; and

Fig . 33 are diagrams of course search processing.

An embodiment of the present invention will be described with reference to the accompanying drawings.

Referring to Fig. 1, an input unit 1 is constituted by an input means such as a hard key cluster or a means
for enabling touch-inputting from the surface of a display screen. The input unit 1 is used to input a destination
point, a present position, a starting command and so on. A distance sensor 2 is adapted to detect a distance
through which the vehicle has traveled (hereinafter referred to as "travel distance".) A steering angle sensor
3 is adapted to detect the steering angle set by the operation of steering the vehicle. An output unit 5 is con-
stituted by a display, a voice outputting device and so on and is used to display a menu necessary for destin-
ation input or present position input, or output course-guidance information. Road system data 6 comprises
data representing information on intersections, data on roads which connect intersections, and data on series
of nodes which represent roads. Navigation data 7 comprises data necessary for navigation including items
of data representing course-guidance information and information on a set course. Data on navigation gener-
ated by the navigation processing unit 4 is stored as navigation data 7. A flag table 8 which contains flags re-
quired during navigation is accessed by the navigation processor 4 on the basis of the state of processing and
is updated as desired. The navigation processing unit 4 comprises a microprocessor which accesses the road
system data 6, the navigation data 7 and the flag table 8 and processes data or information input from the
input unit 1 and detection signals supplied from the distance sensor 2 and the steering angle sensor 3.

The navigation processing unit 4 has an input data processing module 11 for analyzing and processing
data or information input from the input unit 1, a distance data processing module 12 for processing detection
signals supplied from the distance sensor 2, and a steering angle data processing module 13 for processing
detection signals supplied from the steering angle sensor 3, and other below-described processing modules
for performing various kinds of processing necessary for navigation on the basis of data or information supplied
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from the above processing modules.

A processing control module 14 is adapted to perform overall control processing for the navigation proc-
essing unit 4 on the basis of instruction information supplied from the input unit 1. The processing control mod-
ule 14 controls a course searching module 15, a present position input module 16 and a present position track-
ing module 17 by referring to the flag table 8.

The course searching module 15 searches an optimum course for guiding the driver to his destination while
accessing the road system data 6, when it is supplied with the destination point from the input unit 1. The course
searching module 15 sets directions of optimum travelling to the destination point with respect to all intersec-
tions listed in the road system data 6. Items of data obtained by searching are stored as navigation data 7.
That is, at an intersection, a road on which the driver should direct the vehicle is selected in accordance with
a travelling direction to his desired destination set with respect to this intersection and, at the next destination
of this road, another road on which the driver should run the vehicle next is selected in accordance with a trav-
elling direction set to his desired destination in the same manner. This operation is repeated so as to optimize
the course along which the driver is led to his destination. The reason for the use of 'optimize’ rather than 'min-
imize the length of’ in this sentence resides in the fact that the course searching is intended to select a course
which is shortest when calculated in terms of the time taken for the vehicle to travel through the course under
certain conditions including the widths of roads, the number of intersection, the traffic volume and other trav-
elling conditions on the basis of suitable weighing of these factors even if the optimized course is not shortest
in terms of absolute distance.

When the present position input module 16 is supplied with the present position from the input unit 1, it
recognises the present position from the road system data 6 and the navigation data 7, draws figures or char-
acters which represent the configuration and orientation of the corresponding intersection, landmarks, the
name of the intersection, the road extending in the travelling direction and so forth, and displays them on the
screen of the output unit 5 while setting data necessary for navigation. The present position input module 16
then sets required flags in response to the starting input so as to start present position tracking.

The present position tracking module 17 is started when it is supplied with the present position after the
course searching has been performed and after the navigation data has been set. The present position tracking
module 17 detects the corresponding intersection on the basis of signals supplied from the distance sensor 2
and the steering angle sensor 3, the navigation data 7 and the road system data 6 and repeats this present
position recognition processing at every intersection, thereby tracking the present position. The present pos-
ition tracking module 17 sets states of tracking during the processing as flags in the flag table 8 as desired,
and determines proceedings to respective processing steps by referring to these flags. Correspondingly, the
present position tracking module 17 is provided with various sub-modules: an initial position setting module
18, a sensor detection module 19, aremaining distance calculating module 20, a turning point detecting module
21, a road selecting module 22, and a distance error correcting module 23.

The remaining distance calculating module 20 is adapted to calculate the remaining distance to an inter-
section and performs processing of recognising the intersection when the remaining distance to the intersec-
tion reaches a predetermined value, thereby enabling the present position to be detected at this intersection.
The turning point detecting module 21 is adapted to perform processing of recognising the intersection by de-
tecting a turning start point and a turning completion point within an error range for the intersection so as to
detect the position of a turning point corresponding to the position of the intersection. The road selecting mod-
ule 22 is adapted to detect a road actually selected by the driver for directing the vehicle through the intersection
irrespective of whether or not the road which has been selected by the driver extends in the travelling direction
corresponds to the set optimum course. Depending upon the result of this detection, the guidance in the trav-
elling direction to the desired destination is performed at the terminal intersection of the selected road. The
distance error correcting module 23 is adapted to correct a distance error on the basis of the position of the
detected turning point and a selected road to the destination, thereby determining the present position on the
selected road to the destination. That is, in this case, the remaining distance to the terminal intersection of the
present road is obtained.

Even if the driver fails to drive the vehicle onto the selected road to the destination in accordance with the
guidance at an intersection after the guidance for the terminal intersection of this selected road to the destin-
ation has been performed by detecting the present position at the intersection and recognising the selected
road in the above-described manner, the driver can be guided along the road actually selected and can continue
navigation. Namely, the guidance in the travelling direction at each intersection can be considered as only a
suggested guidance, and the present invention is designed to enable the navigation to be continued even if
the driver does not select the road in accordance with the guidance as the road on which he will direct the
vehicle.

Procedures of various kinds of processing performed by the navigation apparatus based on the present
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position calculating system in accordance with the present invention will be described below in detail. Exam-
ples of the structure of data prepared in the navigation apparatus of the present invention will be described
prior to the description of the processing procedures.

Ifthere is aroad system having intersections | to VIl and roads (D to as shown in Fig. 3(a), intersection
data, road data and the node data have data structures, such as those shown in Fig. 3(b), Fig. 3(c) and Fig.
3(d), respectively.

The intersection data contains groups of data items, each at least comprising the smallest of the road num-
bers indicating roads having their starting ends connected to one of intersections | to IV, the smallest of the
road numbers indicating roads having their terminal ends connected to the same intersection, the position of
this intersection (east longitude, north latitude), and information on the name of this intersection.

As shown in Fig. 3(c), the road data contains groups of data items, each at least comprising, with respect

to one of road numbers (D to , the next road number having the same starting point, the next road number
having the same terminal point, starting and terminal points or ends of each road represented by intersection
numbers, a node series pointer, and the length of the road. As is apparent from Fig. 3(c), the next road number
having the same starting point or end or the next road number having the same terminal point or end can be
obtained by searching for a starting or terminal point or end respectively having the same intersection number,
Also, the road length can be obtained by accumulating items of positional information represented by the below-
described node series data.

As shown in Fig. 3(d) by an array of items of node series data, the number of nodes is located at the head
position to which the node series pointer points, and items of data representing node position (east longitude,
north latitude) information are located at subordinate positions. That is, a group of data items representing a
series of nodes is formed for each set of road data items. Examples of groups of data items shown in Fig. 3(d)
have series of nodes corresponding to road numbers (1) and @.

As is apparent from the above-described data structures, a group of data items represented by each road
number includes a plurality of nodes. That is, the node series data comprises groups of data items each relating
to a point on one road. If the interconnection between the nodes is called an arc, a road can be expressed by
connecting each of adjacent pairs of nodes in a series of a plurality of nodes. For example, with respect to
road number (D, a group of data items AOOO can be accessed from the node series pointer in the road data.
It is thereby found that the group of data items represented by road number (D includes fifteen nodes.

With respect to a course starting from intersection number V to, for example, intersection number I, road
number @ can be first found as a data item representing a leading-out road by searching the intersection data,

and road number @ is found as a data item representing 'the next or another road number having the same

starting end’ by searching the road data with respect to the road number @). Road number can then be

found in data items in the same category relating to road number @' and road number @) can be again
found in the same manner. Since, in this case, road number 7 which has been found first is found finally, it is
possible to determine that there is no other road number indicating a road which connects with the intersection
represented by intersection number V. The same can be said with respect to the terminal end. It is thus possible
to find road numbers of roads leading out of or leading into each intersection by searching the intersection data
and the road data and, hence, to obtain the lengths of roads connecting between intersections. ltems of data
on travelling conditions such as no-advance-into signs, no-right/left-turn signs and the widths of roads can
be added to these groups of data items, which can serve as information for finely controlling course searching
processing which will be described later.

The flow of the overall processing will be described below with reference to Fig. 2.

(S1) A destination point is first input. To effect this, a menu display can be provided, as illustrated in Fig.
4, and numerals representing a destination code ('0001’) can be input through a ten key cluster in this display
in touch-input manner.

(S2) A course search mode is then selected, and an optimum direction of travelling to the destination point
is set or provided for each intersection. If, in the road system shown in Fig. 3(a), intersection | coincides with
the destination point, directions of travelling to the destination point set at intersections Il to VIl are as shown
in Fig. 5(a). Fig. 5(b) shows examples of data items representing this setting. In this course search process,
the travelling directions at respective intersections are successively set from the intersection located nearest
to the destination point in such a manner that each direction is selected to minimise the distance to the des-
tination point.
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(S3) A present position from which travelling is started is input. In this step, the 'present position tracking
failure flag’ and the 'destination guide flag’, and so on are cancelled. This step will be described later in more
detail with reference to Fig. 7.

(S4) After the present position inputting step, guidance in the travelling direction at the present position
can be performed. Signals supplied from the distance sensor and the steering angles sensor are processed
while the vehicle travels, thereby tracking the present position. Details of this step will be described later with
reference to Fig. 8. In this step, the 'arrival-at-intersection flag’ is cancelled at an initial stage, the present pos-
ition is tracked by recognising informations on the length, and whether or not the vehicle has reached the in-
tersection to which the driver is guided is determined. If it is confirmed that the vehicle has reached the inter-
section, the 'arrival-at-intersection flag’ is set. If the intersection to which the driver is guided is not detected,
the 'present position tracking failure flag’ is set.

(S5) After the present position tracking step, whether the "arrival-at-intersection flag’ is on or off is exam-
ined.

(S6) If the 'arrival-at-intersection flag’ is off, whether the 'present position tracking failure flag’ on or off
is examined. If the 'present position tracking failure flag’ is off, the process returns to step S4 to continue the
tracking of the present position since it is possible to determine that the vehicle is running on one of the roads
registered in the road system data. If the ’present position tracking failure flag’ is on, it is determined that the
vehicle is running on a road other than the roads registered in the road system data, and the process returns
to step S3 to perform the operation of inputting a present position as a starting point again.

(S7) If the ’arrival-at-intersection flag’ is on, whether destination guide flag’ is on or off is examined. 'Des-
tination guide flag’ is setin Step S10, which will be described later, when the terminal intersection of the present
road coincides with the destination intersection. So long as 'destination guide flag’ is on, it is determined that
guidance to the destination intersection has been completed, and the process returns to the preceding des-
tination inputting step.

(S8) However, if the 'destination guide flag’ is still off, it is determined that the destination intersection is
located beyond the next intersection, and data on the travelling direction at the terminal intersection of the pres-
entroad is read out, so that figures representing the configuration and features of the intersection, landmarks,
the travelling direction selected at the intersection are drawn and displayed on the screen together with the
name of the intersection and the distance to the intersection, thus performing guidance at the intersection. At
this time, the ’arrival-at-intersection flag’ is cancelled.

(S9) Then, whether the terminal intersection of the present road coincides with the destination intersection
is determined. If it does not coincide with the destination intersection, the process returns to step S4 of present
position tracking.

(S10) If the terminal of the present road coincides with the destination intersection the 'destination guide
flag’ is set and the process returns to step S4 of the present position tracking.

The overall processing is thus conducted.

The above-described steps will be described below in detail with respect to main routines thereof.

In the processing routine of present position inputting step S3, an intersection number is first input, and
the orientation, the configuration and the name of the intersection, landmarks located around the intersection
and so on are read from the above-described intersection data, road data and node series data, thereby draw-
ing and displaying the name and features of the intersection as well as the travelling direction on the screen,
as shown in Fig. 7(a) (S31, S32). Travelling direction data relating to an intersection number input as the road
number of the present road on the basis of the travelling direction data shown in Fig. 5(b) is then stored, and
an arrow is drawn to indicate the road in the designated travelling direction, as shown in Fig. 7(a) (833, S34).
Thereafter, the processing waits for a starting input. When the driver inputs a starting command when the ve-
hicle passes through the intersection, the 'present position tracking initialisation flag’ is set while the 'present
position tracking failure flag’, the ‘destination guide flag’ and the ’arrival-at-intersection flag’ are cancelled
(S35, S36).

In the present position tracking step routine, as shown in Fig. 8,

(S411) Whether or not the ’present position tracking initialisation flag’ is on is first examined. In the case
where initial data for present position tracking has not been set, this flag is on and initial position setting shown
in Fig. 9 is therefore performed. After this setting has been completed, the 'present position tracking initiali-
sation flag’ is cancelled, and the process directly proceeds to the subsequent steps.

In initial position setting, as shown in Fig. 9, the road length, the terminal intersection, a series of nodes
are read from the road data and the node series data in accordance with the 'road number of present road’,
and values thereby read are set as the ’'length of present road’, the 'terminal intersection of present road’ and
the 'series of node or presentroad’. Furthermore, a signal from the distance sensor is read, and a value thereby
read is set as the 'present distance sensor value’. At this time, the 'present position initialisation flag’, the 'with-
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in-error-range flag’, the ‘out-of-error-range flag’, the 'turning completion waiting flag’, the 'during-turning-de-
tection flag’ are cancelled, and the ‘length of present road’ is set to the 'remaining distance to intersection’.

(S412) The sensor detection processing (shown in Fig. 10) is then performed. In this step, present sensor
values representing the distance and the steering angle are set as preceding sensor values. Thereafter, new
sensor values are read and set as the present sensor values. A change in the steering angle relating to the
distance through which the vehicle has travelled is determined, thereby obtaining a steering angle Sta at the
present position.

(S413) Aloop counter i is set to 0, and remaining distance calculation and other subsequent steps are re-
peated while loop counter i is incremented until the count value of loop counter i becomes equal to the distance
through which the vehicle has travelled.

To perform the remaining distance calculation, the remaining distance between the present position and
the terminal intersection is stored as present position information with respect to the road number of the present
road and the intersection number of the terminal intersection of the present road, as shown in Fig. 11(b).

Each time the vehicle travels by a unit distance and a pulse is input from the distance sensor, the distance
through which the vehicle has travelled is substracted from the remaining distance to the intersection, thereby
updating the value of the remaining distance. Whether or not the updated remaining distance becomes smaller
than an intersection error range distance is determined, as shown in Fig. 11(a). The 'within-error-range distance
flag’ is kept off and the remaining distance calculation is repeated until the remaining distance to the intersec-
tion becomes smaller than the intersection error range distance. After the remaining distance to the intersection
has become smaller than the intersection error range distance, the within-error-range distance flag’ is set. If
the vehicle goes out of the intersection error range after the 'within-error-range flag’ has been set, the 'out-of-
error-range flag’ is set.

(S414) After the 'within-error-range flag’ has been set, turning point detection (shown in Fig. 13) is per-
formed by calculating the orientation and the locus of the vehicle.

The calculation of the vehicle orientation/locus is performed in such a manner that, as shown in Fig. 12,
the travel distance and the steering angle Sta are sampled each time the vehicle has travelled through a certain
distance d; and a new orientation and a locus coordinates of the vehicle are calculated from the preceding ve-
hicle orientation Ang and locus (X, Y) and are stored in a memory. For example, a vehicle orientation Ang (i)
can be obtained from a steering angle Sta (i) read from sensor at each distance and the angle of turning of
the vehicle ® previously stored, by an equation:

Ang (i) =@ (Sta(i)) + Ang(i - 1)
and a vehicle locus (X (i), Y (i)) is obtained by
X, Y(@) = X(@i-1) + dx,Y(i-1) + dy)
dx = dxcos(r - Ang (i)
dy = dxsin(r - Ang (i)

In turning point detection, as shown in Fig. 13.

(S421), Whether or not the steering angle is larger than a threshold value is first determined, while both
the 'turning completion flag’ and the 'during-turning-detection flag’ are off. In the case of YES (if the vehicle
has started turning), the 'turning start point’ is set to the present distance ('preceding sensor value’ + i), and
the "during-turning-detection flag’ is set. That is, when the steering angle becomes larger than the threshold
value for the first time, turning detection processing is therefore started. In the case of NO (during turning de-
tection of an apparent straight-line running with steering angles smaller than the threshold value).

(S422), whether or not the steering angle is smaller than the threshold value is determined while the ’dur-
ing-turning-detection flag’ is on. In the case of YES (turning is detected at the preceding time and turning is
completed at this time), the turning angle is set to the difference between the present orientation and the ori-
entation at the turning start point. Then, whether or not the turning angle is larger than the minimum detected
turning angle is examined. If the turning angle is equal to or smaller than the minimum detected turning angle,
the "during-turning-detection flag’ is cancelled since it is not possible to determine that the vehicle has turned
completely at the intersection. If the turning angle is larger than the minimum detected turning angle, it is pos-
sible to determine that the turning at the intersection has been completed, and the 'turning completion waiting
flag’ is set while the 'during-turning-detection flag’ is cancelled. At the same time, the 'turning completion wait-
ing position’ is set to the present distance, which operation is utilised for detection of the position of the turning
point. In the case of NO (turning has been completed, the system is still in the turning detecting state, or the
vehicle is in a straight-running state).

(S423), whether or not ('turning completion waiting position’ + 10 m) is smaller than the present distance
is determined while the ’'turning completion waiting flag’ is on. In the case of YES (the vehicle has travelled
by 10 m after the turning completion), the turning angle is set to the difference between the present orientation
and the orientation at the turning start point. Then, whether or not the turning angle is larger than the minimum
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detected turning error is examined. If the turning angle is equal to or smaller than the minimum detected turning
angle, the 'turning completion waiting flag’ is cancelled. If the turning angle is larger than 20°, the 'turning point
detection flag’ is set while the ’turning completion waiting flag’ is cancelled. At the same time, the 'turning
completion point’ is set to the present distance to perform the calculation of the turning point position.

(S415) Whether or not the 'turning point detection flag’ is on is examined. If it is off, the counter i is incre-
mented and the same steps are repeated. If it is on, road selection is performed.

In the case where the remaining distance has become smaller than the intersection error range distance
so that the 'within-error-range flag’ has been set but the vehicle goes out of the intersection error range while
the 'turning point detection flag’ is still off because the turning point is not detected, the 'within-error-range
flag’ is set and the ’out-of-error-range flag’ is cancelled, as described above with respect to S413. This state
of processing involves the case where the vehicle passes through the intersection without turning. In this case
also, the next road is selected in the same manner.

To select a road, the angle by which the vehicle turns is first calculated, as shown in Fig. 14. Then, roads
having their starting point at the intersection are read and the bending angle of each of these connecting roads
is calculated, thereby obtaining a minimum value of the difference between the connecting road bending angle
and the vehicle turning angle. If the minimum value is smaller than a predetermined maximum allowable dif-
ferential angle, the corresponding road number is set as the 'road number of present road’. If the minimum value
is larger than the predetermined maximum allowable differential, angle, it is determined that the road to be
selected has not been detected, and the ’present position tracking failure flag’ is set. That is, a road having a
bending angle most approximate to the vehicle turning angle is selected as the road exiting the intersection
from all the connecting roads. If the difference of these angles is excessively large, it is determined that the
present position cannot be obtained and that it must be reset.

(S416) Whether or not the 'present position tracking failure flag’ is one is examined. If it is on, the process
returns from steps S5, S6 to step S3, shown in Fig. 2. If it is still off, distance error correction is successively
performed.

To perform distance error correction, the road length, the terminal intersection and a series of nodes are
read from the road data and the node series data with respect to the 'road number of present road’ in the same
manner as in the case of the initial position setting, as shown in Fig. 15. Values thereby read are set as
the ’length of present road’, the terminal intersection of present road’, and the 'series of nodes of present road’.
Whether or not the 'turning point detection flag’ is on is then examined. A difference D between the present
distance ('preceding sensor value’ + i) and the turning point position is determined, the value D is subtracted
from the ’length of present road’, and the resulting value is set as the 'remaining distance to intersection’. In
short, in this processing, errors accumulated until the vehicle turns at the intersection and advances onto the
next road are corrected with respect to the length of the next road. However, if the 'turning point detection
flag’ is off, the 'remaining distance to intersection’ is updated by adding the ’length of present road’ to the pre-
ceding value of the 'remaining distance to intersection’. This corresponds to the case where the vehicle has
passed through the intersection without turning thereat. If, for example, the remaining distance to intersec-
tion’ has become nought at that intersection, the 'length of present road’ is set as a new ‘remaining distance
to intersection’ without being changed. Fig. 16 shows the results of error correction with respect to the case
where a turning point has been detected and the case where no turning point has been detected. If, as shown
in Fig. 16 (a) the distance between the turning point position and the intersection position is ed, the remaining
distance to the next intersection is corrected by D with the turning point set as the position of the intersection,
as shown in Fig. 16 (b).

(S417) The arrival-at-intersection flag is set, and loop counter i is incremented, thereby repeating the same
processing.

Next, the calculation of a turning point at an intersection will be described below.

To calculate the position of a turning point in the turning point detection processing (Fig. 13), as shown in
Fig. 17, a mean distance B, between a turning start point A and a turning completion point C and a mean ori-
entation d of the vehicle orientation Ang are obtained; loop counter j is set to 1; and a distance B is set to the
mean distance B,. A point is searched at which a vehicle orientation Ang (B) at the distance B coincides with
the mean orientation d or these orientations coincide with each other while loop counter j is incremented to
set By £j as B. The coincidence point B is set as the turning point position. Then, a distance D, between the
turning start point A and the turning point position B and a distance Dy, between the turning point position
B and the turning completion point C are obtained as shown in Fig 18(d) and 18(e). Figs. 18(a) - 18(e) shows
the relationship between major factors relating to this processing.

The calculation of the position of the turning point and the calculation of the next turning angle are per-
formed on the basis of the orientation and the locus coordinates of the vehicle detected while the vehicle enters
the intersection error range and goes out of the same by selecting the exiting or going out road, as shown in
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Fig. 18(a). If the bending angle based on data between the coming-in road (leading-in road) and the going-out
road (leading-out road) connecting with each other at the intersection is as illustrated in Fig. 18(b), the vehicle
normally exhibits a locus such as that shown in Fig. 18(c), and the steering angle changes as shown in Fig
18(d). If the steering angle exceeds the threshold value at a point as shown in Fig. 18(d), this point is detected
as the turning start point A. If the steering angle returns, at a point, to a value smaller than the threshold value,
this point is set as a turning completion waiting position C’' and a point to which the vehicle travels from the
point C’ by 10 m is detected as the turning completion point C.

To calculate the vehicle turning angle in the road selection processing (Fig. 14), whether the "turning point
detection flag’ is on or off is examined. If it is on, the turning completion point, the turning point position and
the turning start point are obtained by the turning point detection processing (Fig. 13). If the flag is off, these
values are not obtained and next values are set. That is, the present distance ('preceding sensor value’ + i) is
set as the turning completion point, a value obtained by subtracting the intersection error range distance from
the present distance is set as the turning point position, and a value obtained by subtracting a value twice as
large as the intersection error range distance from the present distance is set as the turning start point. ZABC
shown in Fig. 18(e) is obtained as the vehicle turning angle from the coordinates of these three points.

After the vehicle turning angle calculation has been completed, the road leading out of the intersection is
read. In this processing, as shown in Fig. 20, one road number of road numbers indicating roads having the
same starting point as (leading out of) the terminal intersection of the present road is read from the intersection
data, and the road number thereby read is set as the 'road number’ and the ’initial road number’. Loop counter
jis set to 0. Thereafter, the road data is read while loop counter | is incremented until the next one of the road
numbers indicating roads having the same starting point coincides with the ’initial road number’, thereby suc-
cessively reading out the rest of the road numbers having the same starting point. The number of road numbers
thereby read is set as the 'number of leading-out roads’.

To calculate the connecting road bending angle in the road selection processing (Fig. 14), the series of
nodes relating to the road number of the present road is read from the road data and the node series data,
and the coordinate (xa, ya) of the point A located at the distance D, from the terminal point of this series is
calculated, as shown in Fig. 21. The terminal point B of the series of nodes has a coordinate (xg, yg). Next, the
series of nodes of the road leading out of the intersection is read from the road data and the node series data,
and the coordinate (xc, yc) of the point C located at the distance Dy, from the starting point of this road is
calculated. On the basis of these coordinates, it is assumed that a circle internally touches straight lines AB,
BC at the points A, C’ and that the length of an arc (A'C’) is equal to D, + Dgqun, the coordinates of the points
A’ and C’ are calculated, and the point of intersection of the inscribed circle and a straight line bisecting ZABC
is found as a point B’. ZA’B’C’ thereby obtained is set as the 'connecting road bending angle’. Fig. 22 shows
the relationship between these coordinates and angles.

As described above, various flags are used for information processing in the navigation apparatus based
on the present position calculating system in accordance with the present invention. The functions of the flags
are as follows.

'Arrival-at-intersection flag’: If it is on, guidance output for a next intersection is effected. It is cancelled
during the present position inputting step, and it is set when the vehicle passes through an intersection.

'Destination guidance flag’: If it is on when the vehicle arrives at an intersection, it is determined that the
vehicle has arrived at the destination point, and the process returns to the start of the main routine (destination
inputting step). It is cancelled during the present position inputting step, and it is set at the time of the outputting
of next intersection guidance if the next intersection coincides with the destination point.

"Present position tracking failure flag’: If it is on, the process returns at the present position inputting step,
so0 as to perform present position inputting again in the main routine. It is cancelled during the present position
inputting step, and it is set if there is no road to be selected at the time of road selection.

"Present position tracking initialisation flag’: If it is on, the initial position setting routine is called. It is can-
celled at the time of initial position setting, and it is set at the time of present position inputting.

"Within-error-range flag’: If it is on, the calculation of the locus, turning point detection, and so forth are
performed. It is set if the vehicle is within the intersection error range or, if not, it is cancelled.

"Out-of-error-range flag’: If it is on, road selection is performed. It is set if the vehicle goes out of the in-
tersection error range or, if not, it is cancelled.

"Turning point detection flag’: If it is on, road selection is performed during present position tracking, and
the present position is reset during distance error correction. If it is off, the turning start point, the turning com-
pletion point and the turning point position are determined during vehicle turning angle calculation. It is can-
celled at the time of initial position setting, it is setif a turning point is detected, and it is cancelled after distance
error correction.

'During-turning-detection flag’, the 'turning completion waiting flag’: They are used for turning detection
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and turning completion detection, and are cancelled at the time of initial position setting. The "during-turning-
detection flag’ is set if the steering angle exceeds the threshold value. On/off states of these flags are con-
trolled whether or not the turning angle exceeds the minimum detected turning angle.

Next, another embodiment of the present invention will be described below.

In the above-described embodiment, the present position is tracked with respect a road number and the
remaining distance to the terminal intersection relating to this road number. In contrast, in a second embodi-
ment as shown in Fig. 23, the present position is tracked by recognising an intersection with a coordinate. Ac-
cordingly, part of processing of the second embodiment before the turning angle detecting step is the same
as the above-described embodiment, but the second embodiment includes, as processing performed when
the vehicle passes through an intersection, a step of comparing the intersection entering orientation with the
turning angle and a present position correction step instead of the processing of the above-described embodi-
ment from the road selection step to the distance error correction step.

When, in an example shown in Fig. 24, the vehicle has advanced into the area of a circle having a certain
radius and concentrical with an intersection, it is determined that the vehicle has entered an error range of the
intersection. If a distance which defines the error range about the coordinate (xc, yc) of the intersection is r, it
is determined that the vehicle has entered the circle shown in Fig. 24 (a) when the vehicle has reached a pos-
ition such that the coordinate (x., y,) of the present position (the position of the vehicle) satisfies a condition:

(Xc - Xo)2 + (YG - YO)3 <r2
Then, the detection of turning is performed as shown in Fig. 24 (b) so as to obtain a turning starting position
and a turning completion position. If orientations at these positions are - 20° and - 100°,
locus bending angle
= (turning completion position orientation) - (turning start position orientation)
= -100° - (- 20°) = - 80°
is calculated, and the position of the turning point is detected, thereby setting
Dy, = turning point position - turning start position
D4own = turning completion position - turning point position

In the step of comparing the intersection entering orientation with the turning angle, roads leading into the
intersection indicted by intersection number IV are found as leading-in roads from the intersection data or as
roads having the same terminal end from the road data. The orientation at which the vehicle advances into
the intersection along each of these roads is obtained as an orientation at a position located at the distance
D, from the intersection position on the series of nodes of the road. If orientations thereby obtained are as
listed below:

Road Number Orientation of entrance to

intersection IV

150°

- 100"

60°

- 25°

SlClCle,

and as shown in Fig. 25 (b), the road represented by the road number is regarded as the approaching
road with respect to the example shown in Fig. 24 (b) because it has an entering orientation most approximate
to the turning start position (- 20°).

After the approaching road has been found, roads leading out of the intersection IV are read from the in-
tersection data as roads having the same starting point from the road data. A change in the direction of trav-
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elling of the vehicle when the vehicle runs forward from the coming-in or approach road to each of the
leading-out or departure roads is then obtained. In this processing, the leading-out road is obtained from the
difference between the turning start position orientation on the coming-in road and the orientation at the pos-
ition located at the distance Dy, from the intersection position on the series of nodes on the leading-out road.

Accordingly, the relationship between the coming-in road and each of the leading-out roads @, ®), ®,
@ is as follows.

Orientation at turning
Road number completion position and

bending angle

® - 30° - (- 25°) = - 5°
® 80° - (- 25°) = 105°
- 120° - (- 25°) = -95°
©) 155° - (- 25°) = 180°

In consequence, since the locus turning angle is - 80° in the example shown in Fig. 24 (b), the bending

angle between the roads and @ is closest to the above value is selected as the desired change in the
travelling direction.

Fig. 26 shows a processing routine for the comparison between the intersection entering orientation and
the turning angle. In the processing routine shown in Fig. 26, roads leading into an intersection are first read
out.

In this processing, as shown in Fig. 27, the road number of one of the roads leading into the terminal in-
tersection of the present road is read from the intersection data. This number is set as the 'road num-
ber’ and ’initial road number’, and loop counter | is set to 0. The rest of the leading-in road numbers are all read
successively by reading the road data while incrementing loop counter j until the next number of a road having
the same terminal point coincides with initial road number’. The number of roads thereby found is set as 'num-
ber of leading-in roads’. That is, the processing is similar to the step of reading the road numbers of roads lead-
ing out of an intersection, which is described above with reference to Fig. 20.

Thereafter, the step of reading the road numbers of roads leading out of an intersection is performed in
the same manner as the step shown in Fig. 20. Loop counter j is then set to 0.

As loop counter j is incremented to the number of leading-in roads, coming-in road determination is per-
formed with respect to the roads shown in Fig.(25 b). Loop counter k is then set to 0. As this loop counter is
incremented, the bending angle is calculated, and travelling-direction road determination is performed with re-
spect to the roads shown in Fig. 25 (c). The road number indicating the road thereby obtained is set as the
road number of the present road.

Present position correction is performed after the road number of the present position road has been ob-
tained. In this processing, as shown in Fig. 28 (a), the present position coordinate on the series of nodes of
the road @) is set, and the orientation at the present position is set to the orientation (- 120°) at the turning
completion position on the series of nodes. The terminal intersection V of the road having the road number
is read as the next intersection, as shown in Fig. 28 (b), and the coordinate of this intersection is read from
the intersection data. Thereafter, advancement of the vehicle into the error range of the intersection V is ob-
served.

Fig. 29 shows a processing routine for this present position correction. In this processing routine as shown
in Fig. 29, the terminal intersection and the series of nodes of the roads relating to the road number of the pres-
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entroad are first read from the road data, and are set as the 'terminal intersection of present road’ and the 'ser-
ies of nodes’.

The coordinate corresponding to the east longitude and the north latitude of the 'terminal intersection of
present road’ is read from the intersection data and is set as the ’east longitude north latitude coordinate of
next intersection’.

The coordinate on the series of nodes at the distance Dy, from the starting point of 'series of nodes’ is
set as a coordinate (X["preceding sensor value" + i], Y["preceding sensor value" + i]), while the orientation be-
tween nodes at the distance Dy, from the starting point of ’series of nodes’ is set as the orientation at the
present position.

A still another embodiment of the present invention will be described below.

Referring to Fig. 30, a key input means 31, trigger input means 32, a guidance data memory means 33, a
guidance information setting means 34, a display outputting means 35, and a voice outputting means 36 are
provided. The key input means 31 is constituted by a ten key cluster or function keys and is adapted to input
code numbers representing predetermined points set as a destination point and a present position (guidance
point). The trigger input means 32 is constituted by a touch-switch, a pushbutton switch or the like and is adapt-
ed to input a single trigger signal. The guidance data memory means 33 is a memory device such as a ROM
for storing navigation data or information on places set as a destination point a present position, and so on. If
a destination point is input or designated through the key input means 31, information for guidance to the des-
tination point is set in the guidance information setting means 34 constituted by, for example, a CPU, in cor-
respondence with respective points stored in the guidance data memory means 33. This information is stored
in a memory such as a RAM. When a code number representing a present position is input through the key
input means 31, the display output means 35 and the voice output means 36 output guidance information stored
in the guidance information setting means 34. When a trigger signal is input through the trigger input means
32, the output means outputs guidance information on the next point on the course leading to the destination
stored in the guidance information setting means 34 in accordance with the order of, for example, a, b, ¢ ... as
shown in Fig. 31. For guidance at intersections, guidance information assigned to an intersection includes in-
formation on turning to the right or turning to the left at the next intersection for guidance to the destination.
In the case where two intersections are located close to each other, it is of course possible that the guidance
information includes information for designating a lane on which the driver should run the vehicle immediately
before the vehicle turns at the first one of these intersections, as well as information on the direction in which
the driver must steer the vehicle at this intersection, and that the guidance information further includes infor-
mation on the direction in which the driver must steer the vehicle at the second intersection.

Next, the flow of processing in a navigation apparatus having a means for inputting codes representing a
destination point and a present point, an intersection confirmation trigger and a present position inputting but-
ton and adapted to perform guidance at intersections will be described below with reference to Fig. 32.

A destination code is first input by the driver (step (D), thereby setting a course search mode and infor-
mation for guidance to the destination point (step ). After course searching has been completed, present
point inputting mode is selected. When a present point code is input (step 3)), a travelling direction designated
for this point is output (step @ ). Then, an intersection confirmation trigger is input (starting input, step ®),
information for guidance to the destination point at the next intersection is output (step ®). Whether an inter-
section confirmation trigger or a present point inputting button signal is input is observed (step @). If an in-
tersection confirmation trigger is input, the process returns to the processing of the step ®. If a present point
inputting button signal is input, the process returns to the processing of the step 3. In short, in this system,
a trigger is input each time an intersection is identified so long as the vehicle runs in accordance with guidance,
or the present position inputting button is pressed by the driver if the driver finds that vehicle has deviated
from the guidance course and travelled to a different intersection. Accordingly, items of information for guid-
ance atintersections in the course leading to the destination point are successively output in response to trigger
inputs, but if the present point inputting button is pressed, the present point inputting mode is selected.

In the course search processing in step (@), after the course search mode has been selected, a destination

point is set in a work area (step @ ) and travelling directions are set successively from an intersection lo-

cated nearest to the destination point (step @ ), as shown in Fig. 33 (a). As shown in Fig. 33 (b), a travelling
direction d, is set with respect to intersections adjacent to the destination point, and a travelling direction d,
is set with respect to intersections located on the upstream side of the former. This course searching may be
performed after step @ in Fig. 32. In this case, course searching is performed each time the present position
is input. With respect to trigger inputs, guidance information is output in accordance with a route which has
been set as a result of course searching, and intersections treated as objects of guidance are therefore limited.
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Accordingly, it is possible that only information for guidance at least at these intersection are provided.

In the above example, guidance points are set to intersections. However, it is possible to set, as guidance
points, landmarks such as bridges, elevated railroads and public facilities if the distance between intersections
is large. Information for guidance to the destination point can include specific absolute information on that place
shown as a map and a photograph on the display screen as well as voices. If there are some contents to be
specially marked in information to be output, display design or display characters relating to them can be
changed or different tones or intermittent sounds can be used. The apparatus can be designed not only to
perform successive feeding of guidance points with triggers but also to enable the driver to see information
for guidance several kilometers ahead the present position as desired.

A navigation apparatus having the above-described present position calculating system and the above-
described updating system based on touch-operation can be adapted for processing, for example, a region
consisting of monotonous roads such as single-lane roads and a region consisting of a complicated road system
while being combined with each other.

As is apparent from the foregoing, in the system of the present invention, the direction of travelling to the
destination point is set at each intersection, and the travelling direction at the next intersection is designated
by the detection of the present position, thereby enabling the driver to freely select the course to his destination.
Guidance information on the travelling direction can be output at any intersection. Intersection recognition proc-
essing is performed on the condition that the vehicle has entered the terminal intersection error range on the
basis of road system data. The road in the travelling direction is thereby selected, and guidance at the terminal
intersection of the selected road is output. Itis therefore sufficient to repeat guidance at respective intersections
in the course to the destination point. The system can be operated with flexibility from any intersection by using
data with a simple data structure. Even if the driver has selected a road which deviates from the guidance
course of the designated travelling direction, he can be guided at the terminal intersection of the selected road
in a suitable direction of travelling to his destination so long as the destination point is not changed. Therefore,
even if the driver selects a road different from the optimum course at an intersection because of traffic snarl
or for other reasons, he can be guided at the next intersection. Similarly, in the case where the driver is strayed
out of the course, he can continue driving on the present road to an intersection and, at this intersection, im-
mediately start present position tracking processing by inputting this intersection as the present position. Even
if the road tracking means for recognising intersections malfunctions, the driver can continue navigation control
by inputting intersection recognition signals with a trigger input means constituted by a touch switch or a button
switch.

Claims

1. A navigation apparatus having a present vehicle position locating system comprising:

storage means (6) for storing road system data including information about coordinates of inter-
sections and roads between said intersections,

means (2,12) for detecting travel distance,

means (3,13) for detecting vehicle orientation,

output means (5) for outputting guidance information to a driver of said vehicle,

navigation means (4) including turning point detection means (21) for detecting turning of a vehicle
at an intersection and present position detecting means (17) for determining a present position of a vehicle
based upon a detected turning point and detected travel distance, and means for providing guidance in-
formation to said output means depending upon the determined present position,

characterised in that said navigation means (4) is arranged, in response to input of a destination
point, to derive from data of said storage means (6) a plurality of courses to said destination point from
intersections of said road system data, that said means for detecting turning of a vehicle includes means
responsive to change in the steering angle of the steering mechanism of the vehicle at a first intersection
in order to select a road of travel from said first intersection to a second intersection, and to determine
the remaining distance to said second intersection based upon the length of said selected road and said
detected travel distance, and that said means for providing guidance information is further arranged to
provide guidance information relating to a selected one of said plurality of courses to said destination point
that includes said second intersection.

2. Anavigation apparatus according to Claim 1, characterised in that said navigation means (4) is arranged
to update said remaining distance each time said detected travel distance equals a predetermined unit
distance (S412,S413).
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A navigation apparatus according to Claim 1, characterised in that said navigation means (4) is arranged
to determine an orientation and coordinates of said vehicle from said detected travel distance and said
detected steering angle and to determine said present position based on said orientation and coordinates
(Fig.14).

A navigation apparatus according to Claim 1, characterised in that said navigation means (4) is arranged
to determine a turning angle of said vehicle and then said present position by a comparison of said turning
angle and a position obtained from said road system data (Fig.26).

A navigation apparatus according to Claim 1, characterised in that said navigation means (4) includes
turning point detecting means (21) for detecting turning of said vehicle at said first intersection and dis-
tance error correcting means (23) for correcting distances to said second intersection based upon said
detected turning of said vehicle.

A navigation apparatus according to Claim 2 and 3, characterised in that said navigation means (4) is ar-
ranged to retrieve previous vehicle orientation and coordinates from a memory and to determine new ve-
hicle orientation and coordinates from said detected travel distance and steering angle and to store said
new orientation and coordinates in said memory.

A navigation apparatus according to Claim 4, characterised in that said turning point detection means for
detecting turning of a vehicle at an intersection is arranged to obtain a turning starting position orientation
and to subtract a turning completion position orientation therefrom to derive a locus bending angle.

A navigation apparatus according to Claim 7, characterised in that said navigation means is arranged to
compare the turning starting position orientation with the orientation of roads leading into the intersection
whereby an approach road may be identified.

A navigation apparatus according to Claim 8, characterised in that said navigation means is arranged to
compare the locus bending angle with the angle between the said approach road and each of the roads
leading away from the intersection whereby a departure road may be identified.

A navigation apparatus according to Claim 4, characterised in that said navigation means (4) is arranged
to find from said road system data, using said present position, a present position road and to obtain the
coordinates of a next intersection whereby advancement of the vehicle to the next intersection is detected
in order that processing may be carried out.

Patentanspriiche

1.

Navigationsvorrichtung mit einem System zum Orten der gegenwartigen Fahrzeugposition mit:

einer Speichereinrichtung (6) zum Speichern von Stralennetzdaten mit Informationen lber Koordinaten
von Kreuzungen und StrafRen zwischen den Kreuzungen,

einer Einrichtung (2, 12) zum Detektieren einer Fahrdistanz,

einer Einrichtung (3, 13) zum Detektieren einer Fahrzeugorientierung,

einer Ausgabeeinrichtung (5) zum Ausgeben von Leitinformationen an einen Fahrer des Fahrzeugs,
einer Navigationseinrichtung (4) mit einer Detektierungseinrichtung (21) fiir Abbiegepunkte zum Detek-
tieren eines Abbiegens eines Fahrzeugs an einer Kreuzung und einer Detektierungseinrichtung (17) fr
gegenwartige Positionen zum Bestimmen einer gegenwartigen Position eines Fahrzeugs auf der Grund-
lage eines detektierten Abbiegepunkts und einer detektierten Fahrdistanz sowie einer Einrichtung zum
Bereitstellen von Leitinformationen zu der Ausgabeeinrichtung in Abhangigkeit von der bestimmten ge-
genwdrtigen Position,

dadurch gekennzeichnet, dal die Navigationseinrichtung (4) als Reaktion auf eine Eingabe eines Ziel-
punkts geeignet ist, aus Daten der Speichereinrichtung (6) mehrere Kurse zu dem Zielpunkt von Kreu-
zungen der Stralennetzdaten abzuleiten, dall die Einrichtung zum Detektieren eines Abbiegens eines
Fahrzeugs eine Einrichtung aufweist, die auf eine Anderung des Lenkwinkels der Fahrzeuglenkung an
einer ersten Kreuzung reagiert, um eine FahrstraRe von der ersten Kreuzung zu einer zweiten Kreuzung
auszuwahlen und um die Restdistanz zu der zweiten Kreuzung auf der Grundlage der Lange der ausge-
wéhlten Strafe und der detektierten Fahrdistanz zu bestimmen, und daR die Einrichtung zum Bereitstel-
len von Leitinformationen ferner geeignet ist, Leitinformationen bereitzustellen, die einen ausgewahlten
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der mehreren Kurse zu dem Zielpunkt betreffen, zu dem die zweite Kreuzung gehért.

Navigationsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, daR® die Navigationseinrichtung (4)
geeignet ist, die Restdistanz jedesmal dann zu aktualisieren, wenn die detektierte Fahrdistanz gleich einer
vorbestimmten Einheitsdistanz ist (8412, S413).

Navigationsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, daR® die Navigationseinrichtung (4)
geeignet ist, eine Orientierung und Koordinaten des Fahrzeugs anhand der detektierten Fahrdistanz und
dem detektierten Lenkwinkel zu bestimmen und die gegenwértige Position auf der Grundlage der Orien-
tierung und der Koordinaten zu bestimmen (Fig. 14).

Navigationsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, daR® die Navigationseinrichtung (4)
geeignet ist, einen Abbiegewinkel des Fahrzeugs und anschlieRend die gegenwartige Position durch ei-
nen Vergleich des Abbiegewinkels und einer anhand der StraRennetzdaten gewonnenen Position zu be-
stimmen (Fig. 26).

Navigationsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, daR® die Navigationseinrichtung (4)
eine Detektierungseinrichtung (21) fiir Abbiegepunkte zum Detektieren eines Abbiegens des Fahrzeugs
an der ersten Kreuzung und eine Korrektureinrichtung (23) fir Distanzfehler zum Korrigieren von Distan-
zen zu der zweiten Kreuzung auf der Grundlage des detektierten Abbiegens des Fahrzeugs aufweist.

Navigationsvorrichtung nach Anspruch 2 und 3, dadurch gekennzeichnet, daf® die Navigationseinrichtung
(4) geeignet ist, eine vorhergehende Fahrzeugorientierung und vorhergehende Koordinaten aus einem
Speicher abzurufen und eine neue Fahrzeugorientierung und neue Koordinaten anhand der detektierten
Fahrdistanz und dem detektierten Lenkwinkel zu bestimmen sowie die neue Orientierung und die neuen
Koordinaten in dem Speicher zu speichern.

Navigationsvorrichtung nach Anspruch 4, dadurch gekennzeichnet, dal die Detektierungseinrichtung fir
Abbiegepunkte zum Detektieren eines Abbiegens eines Fahrzeugs an einer Kreuzung geeignet ist, eine
Orientierung an der Abbiegeausgangsposition zu ermitteln und davon eine Orientierung an der Abbiege-
abschluf® zu subtrahieren, um einen Ortskurvenwinkel abzuleiten.

Navigationsvorrichtung nach Anspruch 7, dadurch gekennzeichnet, dak die Navigationseinrichtung ge-
eignet ist, die Orientierung an der Abbiegeausgangsposition mit der Orientierung von Stralen zu verglei-
chen, die in die Kreuzung einmiinden, wodurch eine ZufahrtsstralRe identifiziert werden kann.

Navigationsvorrichtung nach Anspruch 8, dadurch gekennzeichnet, dak die Navigationseinrichtung ge-
eignet ist, den Ortskurvenwinkel mit dem Winkel zwischen der Zufahrtsstrale und jeder der Strallen zu
vergleichen, die von der Kreuzung abgehen, wodurch eine Ausfahrtsstrae identifiziert werden kann.

Navigationsvorrichtung nach Anspruch 4, dadurch gekennzeichnet, dal® die Navigationseinrichtung (4)
geeignet ist, anhand der StralRennetzdaten unter Verwendung der gegenwartigen Position eine Stralle
zu orten, auf der sich die gegenwértige Position befindet, und die Koordinaten einer néchsten Kreuzung
zu ermitteln, wodurch eine Vorwartsbewegung des Fahrzeugs zu der nachsten Kreuzung detektiert wird,
um eine Verarbeitung durchfiihren zu kénnen.

Revendications

1.

Appareil de navigation comportant un dispositif de localisation de la position actuelle du véhicule, qui
comprend:
- un moyen de mémorisation (6) pour mémoriser des données du réseau routier incluant une informa-
tion sur les coordonnées des intersections et sur les routes entre lesdites intersections,
- des moyens (2, 12) pour détecter une distance de déplacement,
- des moyens (3, 13) pour détecter I'orientation du véhicule,
- des moyens de sortie (5) pour envoyer une information de guidage au conducteur dudit véhicule,
- des moyens de navigation (4) qui comprennent un moyen (21) de détection du point de virage pour
détecter le fait que le véhicule tourne a une intersection et un moyen (7) de détection de la position
actuelle pour déterminer la position actuelle dudit véhicule en se basant sur un point de virage détecté
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et sur une distance de déplacement détectée, et un moyen pour fournir une information de guidage
audit moyen de sortie qui dépend de la position actuelle déterminée,

caractérisé en ce que lesdits moyens de navigation (4) sont congus pour déduire, en réponse al’en-
trée d’'un point de destination et a partir de données dudit moyen de mémorisation (6), une pluralité
de trajets vers ledit point de destination depuis des intersections desdites données du réseau routier,
en ce que ledit moyen de détection du fait qu’un véhicule tourne comprend un moyen qui répond a
une modification de I'angle de rotation du mécanisme de direction du véhicule en une premiére in-
tersection pour choisir une route de déplacement de ladite premiére intersection a une seconde in-
tersection et pour déterminer la distance restante jusqu’a ladite seconde intersection en se basant
sur la longueur de ladite route sélectionnée et sur ladite distance de déplacement détectée, et en ce
que ledit moyen qui fournit une information de guidage est en outre congu pour donner une informa-
tion de guidage relative a un trajet, sélectionné parmi ladite pluralité de trajets vers ledit point de
destination, qui contient ladite seconde intersection.

Appareil de navigation selon la revendication 1, caractérisé en ce que lesdits moyens de navigation (4)
sont congus pour remettre a jour ladite distance restante chaque fois que ladite distance de déplacement
détectée est égale a une distance unitaire prédéterminée (S412, S413).

Appareil de navigation selon la revendication 1, caractérisé en ce que lesdits moyens de navigation (4)
sont congus pour déterminer une orientation et des coordonnées dudit véhicule a partir de ladite distance
de déplacement détectée et dudit angle de rotation détecté et pour déterminer ladite position actuelle en
se basant sur ladite orientation et lesdites coordonnées (Fig.14).

Appareil de navigation selon la revendication 1, caractérisé en ce que lesdits moyens de navigation (4)
sont congus pour déterminer I'angle de virage dudit véhicule, puis ladite position actuelle par comparaison
dudit angle de virage et d’'une position obtenue a partir desdites données de réseau routier (Fig.26).

Appareil de navigation selon la revendication 1, caractérisé en ce que lesdits moyens de navigation (4)
comprennent un moyen (21) de détection de point de virage pour déterminer le fait que ledit véhicule tour-
ne au niveau de ladite premiére intersection et un moyen (23) de correction d’erreur de distance pour corri-
ger les distances jusqu’a ladite seconde intersection en se basant sur le virage détecté dudit véhicule.

Appareil de navigation selon la revendication 2 ou 3, caractérisé en ce que lesdits moyens de navigation
(4) sont congus pour retrouver I'orientation et les coordonnées précédentes du véhicule a partir d'une mé-
moire et pour déterminer une orientation et des coordonnées nouvelles pour le véhicule a partir de la dis-
tance de déplacement et de I'angle de rotation détectés et pour mémoriser lesdites orientation et coor-
données nouvelles dans ladite mémoire.

Appareil de navigation selon la revendication 4, caractérisé en ce que ledit moyen de détection du point
de virage pour détecter le fait que le véhicule tourne a une intersection est congu pour obtenir une orien-
tation de position en début de virage et pour en soustraire une orientation de position en fin de virage
afin d’en déduire un angle de courbure de trajectoire.

Appareil de navigation selon la revendication 7, caractérisé en ce que ledit moyen de navigation est congu
pour comparer I'orientation de position en début de virage avec I'orientation des routes qui ménent a I'in-
tersection pour pouvaoir identifier de ce fait une route d’approche.

Appareil de navigation selon la revendication 8, caractérisé en ce que ledit moyen de navigation est congu
pour comparer I'angle de courbure de la trajectoire avec I'angle entre ladite route d’approche et chacune
des routes partant de l'intersection pour identifier de ce fait une route de départ.

Appareil de navigation selon la revendication 4, caractérisé en ce que ledit moyen de navigation (4) est
congu pour trouver, a partir des données dudit réseau routier et a I'aide de ladite position actuelle, une
route de position actuelle et pour obtenir les coordonnées de la prochaine intersection, ce qui fait que
I'avancée du véhicule vers la prochaine intersection est détectée afin de pouvoir effectuer le traitement.
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